Summary A case-control study was conducted on 88 incident cases of histologically confirmed undifferentiated nasopharyngeal carcinoma (NPC) in Zangwu County, China, and 176 age-sex-and neighbourhood-matched controls. The design of this study was defined after an anthropological survey on living habits in regions of high NPC incidence and the evidence of carcinogenic substances in some commonly consumed preserved foods. Subjects were interviewed regarding living conditions and diet in the year preceding the diagnosis of NPC and, with the help of their families, during childhood and weaning. After adjustment for a living conditions score to eliminate a confounding effect, an increased risk associated with consumption of salted fish during weaning and childhood was confirmed, especially for salted fish in rice porridge. The consumption of leafy vegetables was associated with a reduced risk for NPC, and consumption of melon seeds between 2 and 10 years of age with an increased risk. After multivariate analysis and adjustment according to the living conditions score, the consumption of salted fish in rice porridge before age 2 (OR = 3.8, P = 0.005), exposure to domestic woodfire (OR = 5.4, P = 0.01) and consumption of herbal tea (OR = 4.2, P = 0.02) were found to be independently related to the risk of NPC. The excess risk associated with the use of domestic wood fire increased if there were no windows in the house and with poor ventilation and cooking outside the house in a shack. As well as confirming the importance of the consumption of salted fish in childhood, this study has been the first to provide unequivocal evidence for two other factors implicated in increasing the risk of NPC in China, the adult consumption of traditional medicines (herbal tea) and exposure to domestic wood fumes.
Nasopharyngeal carcinoma (NPC) is common among Chinese (especially the Cantonese), with an age-standardised annual incidence rate of 30/105 for males and 13/105 for females (Muir et al., 1987) ; among the Maghrebian Arabs in North Africa (Parkin, 1986 ) (3.4/10 for males and 1.1/105 for females in Algeria); and among the Eskimos in the Arctic (Lanier et al., 1976 ) (10/105 for males and 4/105 for females). Elsewhere the incidence is low with an age-standardised annual incidence of less than 1/105 reported in Europe and North America (Waterhouse et al., 1982) .
The undifferentiated type of nasopharyngeal carcinoma (UCNT) seems to be associated with three aetiological factors: firstly, the Epstein-Barr virus (EBV), which is regularly present in the carcinomatous cells (Andersson-Anvret et al., 1978 ; see review by de The, 1982) ; secondly, a disease susceptibility gene, close to, but different from, an HLA gene, evidence for which was obtained in Chinese families with multiple NPC cases among sibs (Lu et al., 1990) ; thirdly, environmental factors associated with traditional preserved food (Ho, 1971; Geser et al., 1978) . Several case-control studies conducted among southern Chinese have indicated an association between the consumption of salted fish, especially during weaning, and the risk of developing NPC (Armstrong et al., 1983; Yu et al., 1986 Yu et al., , 1989 Ning et al., 1990) . More recent studies in China and Tunisia have suggested that the consumption in early youth of salted and preserved foods other than salted fish is also associated with an increased risk of NPC (Yu et al., 1988 (Yu et al., , 1989 Jeannel et al., 1990) . In addition, NPC has been found to be associated with low socioeconomic level and a traditional lifestyle, and some potential risk factors associated with a traditional lifestyle, including the use of domestic wood fires, have been proposed (Armstrong et al., 1978; Geser et al., 1978; Jeannel et al., 1990) .
The present epidemiological study was part of a multidisciplinary NPC project (Hubert et al., 1993) . The first step was to conduct an anthropological study in the three highrisk groups for NPC (Cantonese Chinese, Maghrebian Arabs and Eskimos) with the aim of identifying common or comparable factors which could be linked to this tumour. This approach provided detailed background data on food habits and lifestyle, and after a comparative analysis the conclusion was that traditional preserved food preparations could represent the common factors (Hubert et al., 1993) . Food samples were then collected in South China, Macao, Tunisia and Greenland, and laboratory analysis revealed the presence of volatile nitrosamines and reactivants of EBV (Poirier et al., 1987; Shao et al., 1988) . Case-control studies were carried out in Tunisia (Jeannel et al., 1990) , in Macao (Hubert et al., 1993) , and in Wuzhou City and Zangwu County (China), presented here. The aim was to investigate simultaneously a broad range of socioeconomic and environmental factors as well as dietary history, with details of consumption frequencies and types of traditional food preparation which may increase the risk of NPC.
Population and methods

Area
The population of Wuzhou City is 170,000 and that of Zangwu County, a rural area, is 550,000, predominantly Cantonese Chinese belonging to the Han ethnic group. This area belongs to the Guangxi Autonomous Region, which had the second highest mortality rates of NPC among all the Chinese provinces (8.5/105 age-standardised male mortality rates). (Ho, 1971) Amongst the studied food items, consumption of the following foods and condiments during the preceding year was shown to be significantly associated with a reduced crude risk for NPC (Table III) In a multivariate matched logistic regression analysis taking into account the living conditions score, three variables remained significantly associated with NPC: use of wood as fuel, consumption of salted fish in rice porridge before the age of 2 and herbal tea drinking during the year preceding diagnosis (Table IV) . When considering separately urban and rural areas (Wuzhou City and Zangwu County), the independent risk factors in Zangwu County were consumption of salted fish in rice porridge before the age of 2 and herbal tea drinking in the year preceding diagnosis, whereas in Wuzhou City consumption of salted fish during weaning and melon seeds between the age of 2 and 10 emerged as risk factors.
In Table V , the risk for NPC of the use of wood fire was studied in conjunction with environmental factors which may modify the level of fumes. Absence of windows, poor ventila- tion and cooking outside the house in a shack increased the excess of risk for NPC associated with domestic woodfires with statistically significant trends.
Nosebleeds and buzzing in the ears, considered to represent early symptoms of NPC, were most frequent among cases (Table VI) . Consumption of herbal tea in the year before diagnosis was more frequent for cases than for controls, but this association was not related to stage of NPC and it persistent when subjects with nosebleeds and buzzing (possible early symptoms of NPC) were excluded (Table VI) . because no specific preventive campaign about risk factors had been conducted prior to the study in this area. This is also supported by the fact that among all the types of salted fish preparation investivated only salted fish in rice porridge emerged as a risk factor. The data on the frequency intake inevitably include a certain percentage of misclassification, particularly with older subjects recalling the past. If these errors can be assumed to be random and similar for cases and controls, they lead to an observed odds ratio closer to the unity than the true relative risk.
In previous studies, indicators of lower socioeconomic status and poor housing conditions were found to be positively associated with NPC in South-East Asia and Tunisia (Geser et al., 1978; Armstrong et al., 1983; Jeannel et al., 1990) . Few studies have analysed the risks associated with traditional dietary risk factors while adjusting for socioeconomic factors (Geser et al., 1978; Jeannel et al., 1990) .
Our results highlighted in Zangwu Region the importance of salted fish in rice porridge eaten during weaning and childhood as a risk factor for NPC, and the relative risk was even higher when adjusted for living conditions score. The salted fish is usually steamed prior to mixing with rice porridge. Similarly, a study performed in a low-risk region for NPC, Tianjin (China), showed that the consumption of steamed salted fish at the age of 10 years carried a higher relative risk than consumption of fried, grilled or boiled s,alted fish at the same age (Ning et al., 1990) . Methods of cooking (duration, temperature, associated food) could have an effect on the amount and/or the activity of carcinogenic substances present in salted fish. Interestingly, the excess risk acquired during infancy persisted, although exposure to this risk factor dramatically decreased, with only 2% of cases and 0.6% of controls continuing to eat salted fish, whatever the type of preparation, as compared with respectively 43% and 33% in childhood. The apparent evolution of diet in the Zangwu Region, characterised by a large decrease in consumption of preserved food, fish as well as vegetables or meat, and its replacement by fresh products has not yet affected the risk in the generations concerned by this change, as shown by the persistence of a high rate of NPC incidence in Zangwu Region, but an effect may be observed in future decades. Regular consumption of leafy vegetables was associated with a reduction of the risk for NPC, as reported in other studies for other vegetables (Yu et al., 1989; Ning et al., 1990 ). An increased risk was found for melon seed consumption between the ages of 2 and 10 (especially in Wuzhou City, where this snack is sold on the streets). It would be interesting to investigate the presence of carcinogenic substances in this dried salted snack, and it should be mentioned that several reports on animal models for NPC have suggested aflatoxins as potential co-carcinogens (Levine et al., 1990) .
Two factors, not well established before, were independently linked to the risk of NPC: using wood fuel during adulthood and drinking herbal tea. A positive association with occupational exposure to smoke and fumes or working in poorly ventilated places has also been reported (Lin et al., 1973; Henderson et al., 1976; Jeannel et al., 1990; Yu et al., 1990) . In two previous case-control studies, patients with NPC used firewood for cooking more frequently than controls, but this association was not studied together with diet and not adjusted for socioeconomic level (Djojapranata & Soesilowati, 1967; Shanmugaratnam et al., 1978) . In the present study, the risk associated with the use of wood fuel during adulthood was higher after adjustment for the living conditions score, and increased with lack of windows, poor ventilation or cooking outside in a shack. The lack of association during childhood is probably because everyone used firewood 40 years ago, as shown by our data. Thus, our observation might suggest the role of certain fumes in NPC development; this has been under discussion since a high incidence of NPC has been observed in Hong Kong boat people who cooked in the open air, and so were supposed to be little exposed to fumes (Ho, 1967) . Thus, it would be interesting to investigate which types of wood and dried plants are used for woodfire in the Guangxi Region. Besides, the amounts of 3,4-benzpyrene (3,4-BP) in smoke samples collected from a high-risk area were higher than those from a low-risk area (Kai-Tai et al., 1987) .
Medicinal herbal preparations, such as herbal tea, are frequently used to prevent or to treat many diseases in China, and they have been postulated to be a risk factor for NPC (Zeng et al., 1983) . One could object that a more frequent use of herbal tea among cases could have been a consequence of the appearance of symptoms of NPC. This is not supported by the present data: there was no significant difference between cases and controls with respect to the evolution of consumption 1 year before diagnosis compared with 20 years before. Furthermore, there was no association between the use of herbal tea and the presence of nasal discharge, nosebleed or buzzing in the ears during the year preceding diagnosis of NPC. Having no details on the types of preparation used by cases and controls, this point cannot be further evaluated. It is interesting to note that several species of plants of the Euphorbiaceae family used in common Chinese herbal mixtures contain diterpene, an EBV reactivator and tumour promoter (Hirayama & Ito, 1981; Zeng et al., 1983) . But in Guangzhou, two members of the Euphorbiaceae family (P. emblica and C. crassifolius) used as herbal ingredients were not found to present a risk of NPC . In Tunisia the use of traditional remedies in youth such as poultices of castor plant leaves (Ricinus communis L. Euphorbiaceae) was found to be associated with an increased risk of NPC (Jeannel et al., 1990) . A study conducted by Hildesheim et al. (1992) in the Philippines suggested that if herbal medicines interact with EBV in the development of NPC, it is rather through a direct proliferative effect on EBV-transformed cells than through reactivation of EBV infection.
Furthermore, if we compare our results in Zangwu Region in China with that of a case-control study on 29 Chinese incident cases in Macau conducted by our laboratory using the same design and questionnaire, similar risk factors emerged: salted fish consumption before age of 2 years (OR = 15.5, P = 0.02) (OR = 15.5, P = 0.02) and fireplace in kitchen during childhood (OR = 5.9, P<0.01). Besides, it was interesting to note a protective effect associated with the use of powdered milk before the age of 2 (OR= 0.04, P<0.01) (Hubert et al., 1993) .
In summary, the data presented here confirm the role of environmental and dietary factors in NPC carcinogenesis. In addition to the known increased risk associated with early consumption of salted fish, this study pointed out that the type of salted fish preparation might be of importance. Moreover, the fact that herbal tea and use of woodfire appear to be risk factors opens a new area of research concerning the role of carcinogens and EBV reactivants of plant origin. When one considers the environmental risk factors associated with NPC in different parts of the world, one is left with the view that, besides -EBV and genetic factors, ethnic differences in lifestyle, particularly food preparation or consumption, remain the best aetiological hypothesis for explaining the geographical distribution of the disease.
